Introduction
Diffusion of innovation interventions have been successfully used to promote health behavior change [1] - [3] . These interventions send socially-connected peer leaders into communities to increase health communication and endorse health-related social norms [4] . Peer leader interventions have focused particularly on HIV-affected groups (e.g., men who have sex with men (MSM)) both because of the significance of the HIV epidemic and direct role that social networks and sexual partners play in risk behaviors [5] . HIV peer leader interventions have been effective at reducing sexual risk behaviors, with sustained behavior change up to 3 years later [1] [6] .
Prevalent use of social networking technologies allows researchers to use these platforms to deliver peer health interventions among online communities and to evaluate an intervention's success in spreading throughout participants' social networks to people outside of the initial intervention group [7] - [11] . For example, the Harnessing Online Prevention Education (HOPE) study was a randomized controlled peer-led HIV prevention intervention among African American and Latino MSM Facebook communities [8] . African American and Latino MSM peer leaders were randomly assigned to participants in Facebook communities to communicate either HIV prevention (intervention) or general health (control group) information. Results suggest that the intervention was effective in engaging community participants and creating effective HIV behavior change [12] [13] . However, it is unknown whether participants discussed health-related information to other non-study participants in their social networks.
In fact, research on social networks and health has focused on diffusion that begins from one or more individuals, but has not evaluated whether and how information diffuses from groups, or online communities. For example, typically, researchers provide information to individual "seed" participants and measure how information spreads from these individuals to others [10] . Social networking technologies, however, allow researchers to intervene at the community level with the possibility that group participants would spread information to others who are outside of the online group, providing a potential model for rapid and widespread delivery of information. No known studies have explored this topic.
This study evaluates the feasibility of measuring diffusion from an online social networking community-level intervention. Specifically, we seek to determine 1) response rates of participants from a randomized controlled trial who were asked to invite their friends to complete a survey, 2) characteristics/predictors of participants who referred others, and 3) initial data on the feasibility of measuring diffusion from an online community-level intervention.
Methods
One year after completion of the HOPE online intervention, we emailed MSM participants who completed a baseline questionnaire (N = 112). Participants were asked to contact 1 st -degree (directly-linked) Facebook connections who were 18 years of age or older, living in Los Angeles, and African American and/or Latino sex partners, and ask them to email us if they would complete a 45-minute survey. We use the term "seeds" to describe HOPE participants, and "referrals" to describe friends who emailed us requesting study information. Due to requirements from the institutional review board that the referral would contact the study investigators if he was interested (rather than the investigators being able to reach out to potential referrals), we do not know how many (unsuccessful) attempts were made by HOPE participants to recruit referrals as we only collected data if the referral emailed us requesting information.
Interested referrals were screened for eligibility online, including providing access to their Facebook network to improve data quality by ensuring that they were valid, non-duplicate Facebook users who were directly connected to a HOPE participant. Referrals were sent a link to a website with a 90-item questionnaire on Internet/ social media use, whether seeds had discussed the intervention and health behaviors with them, and their HIV/ sexual and drug use behaviors. For example, Internet and social media use questions asked, "How many hours a week do you spend online?" HIV history-related items asked whether they had ever been tested for HIV and had they received their results. Referrals who completed the survey received a $30 gift card to an online store and the HOPE seed received a $10 card.
Analysis
Descriptive statistics presented details on 1) seeds, broken down by whether they provided referrals, and 2) referrals, broken down by those referred from intervention versus control group participants. Chi-square tests assessed demographic differences in categorical variables among HOPE participants, Fisher's exact test confirmed analyses due to small sample size, and t-tests assessed differences in age. Logistic regression was used among HOPE participants to assess the relationship between providing a referral and amount of time spent online, controlling for age, race, education, and intervention condition.
Results
We received a total of 67 referrals, from 15 of the 112 (13.4%) HOPE participants. Forty-four of the interested referrals (65.7%) consented and completed the survey. Table 1 describes characteristics of HOPE seeds. We found initial differences in amount of time spent online among seeds who provided referrals and those who did not (Chi square, p < 0.05; Fisher's exact test, p = 0.07). In general, intervention participants and Latino participants appeared more likely to have provided referrals. Results from a logistic regression suggest that seeds who provided referrals spent more time online, controlling for age, race, education, and condition (Coeff = 1.71, Confidence interval: 1.02 -2.86, p < 0.05). Table 2 provides data on referrals' demographic information, Internet use, and whether seeds discussed the intervention and changing health behaviors with them. Over 45% of referrals reported being Latino, over 50% spent more than 3 hours online a day, and 68% reported being Gay. Over 60% of referrals reported hearing about the HOPE study, and over half of referrals reported that their seed talked to them about health behaviors. On average, referrals reported being slightly more likely to change their health behaviors as a result of talking to the referral.
Discussion
Social networking technologies are a feasible platform for delivering community health interventions and diffusing them throughout participants' social networks. Results suggest that 1) one year after a community-based intervention, a modest number of participants' social network connections contacted us asking to complete surveys to measure diffusion, 2) seeds who spend more time online are more likely to have led to referrals, and 3) health information from the intervention appears to diffuse through participants online networks to new individuals who did not receive the original intervention.
Results suggest that researchers attempting to study diffusion from a community-based intervention should recruit participants who are frequently online to increase likelihood of gaining referrals. One hypothesis for this result could be that people who are online more frequently would have more online connections and the potential to reach a larger number of people online. Although social network researchers typically hand-pick initial "seeds" and individually deliver an intervention to seeds to diffuse an intervention, the present results suggest an alternative method whereby researchers can recruit seeds who spend time online and have large online social networks to join an online community and then deliver an intervention to these seeds. This approach might allow intervention information to rapidly and simultaneously diffuse throughout multiple community members' social networks. Online social networks were important not only as a diffusion platform but also to improve data quality by allowing us to view referrals' Facebook networks and verify they were unique people who were connected to the seeds. Multiple respondents (i.e., completing duplicate surveys to receive compensation) adversely affect data quality in online research. If referrals had completed surveys without first providing their social networking profile, it would be easy for them to have completed duplicate surveys. However, being able to link to their social networking profile provided an additional validation that the referral was unique and was linked on Facebook to the seed. This is one example of how online social networks will become increasingly useful tools for improving data quality in online studies [14] .
This feasibility study has limitations, primarily related to sample size and lack of established methods for measuring diffusion from a social networking community. First, our data included a small number of referrals. Due to IRB recommendations that we wait for referrals to contact us, we were unable to 1) gain a larger sample of referrals by reaching out directly to participants networks, or 2) determine the number of people contacted by HOPE participants who did not email us for to request study information. Due to these methodological constraints, we received only a modest number of survey responses (13% referral rate) out of the total number of possible referrers. However, we believe that 13% is actually an encouraging number as 1) seeds were participants from a study that was conducted 1 year prior, and 2) these participants were picked because they were previous participants, but had expressed no interest in wanting to contact other people to complete a survey. Next, we made no attempt to reflect intraclass association among referrals from the same seed. These issues made it difficult to conduct a formal statistical analysis on the success of the intervention in spreading outside of the intervened community and throughout participants' social networks. However, at an aggregate level, most referrals reported that their seed at least talked to them about the health intervention and the importance of health behavior change. This provides initial support that social networking-based community health interventions might diffuse outside of the initial online community and through participants' social networks. This study presents one approach for measuring diffusion, i.e., contacting participants from the original intervention and asking them to refer their friends. Future research may build upon this study by using a larger initial community in order to gather sufficient data to measure diffusion, as well as by using more objective measures of assessing diffusion.
Conclusion
The present methods demonstrate the feasibility of using social networking for diffusion of online health interventions and provide a call for additional research on this new topic.
